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INTRODUCTION 
General statement 
Fluvial and lacustrine sediments of great thickness accumulated 
in the intermountain basins of the western United States during 
Tertiary time. The Salt I.Ake group in northern Utah and parts of 
surrounding states is a conspicuous stratigraphic unit of these basins. 
The "beds of light color" in Morgan Valley in the Wasatch Mountains of 
northern Utah were named the "Salt Lake group" by Hayden (1869) because 
of similar occurrences in Salt Lake Valley and because he reasoned 
that the succession cruld be divided into formations. Similar rocks 
crop out in Ogden Valley• north of Morgan Valley• and in Cache Valley• 
Utah and I daho. Cache Valley is bounded b :,r the Wasatch and Malad 
Ranges to the west and the Bear River Range to the east (Fig. 1). It 
extends from the divide between Ogden and Cache valleys about 18 miles 
south of Los an. Utah. to Red Rock Pass. about 19 miles northwest of 
Preston. Idaho. The Bear Riv er enters Cache Valley northeast of Preston. 
Idaho. and leaves through the Bear River Narrows west of Logan. Utah. 
at a point between the northern end of the Wasatch Ra~ e and the Ma.lad 
Range. Red Rock Pass. northwest of Preston. I daho. was the outlet of 
Lake Bonneville. 
The Salt Lake group of Cache Valley. as described in this paper. 
includes three formations: (1) the basal Collinston conglomerate. 
(2) the Cache Valley fonnation, and (3) the upper Mink Creek conglomerate. 
The Cache Valley formation is partly ~ciiivalent to the Collinston con-
glomerate of the southern part of Cache Valley and is overlain by the 
Mink Creek conglomerate in the northern part of the valley. It consists 
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largely of tuff and some limestone. The upper part of the Cache Valley 
forTIRti.on is of Pliocene age, although similar beds in Morgan Valley 
a.re as old as late Eocene. 
Recent exploration for petroleum in the western United States has 
concentrated attention on the continental sediments of Tertiary age. 
Particularly, the commercial discovery of petroleum in volcanic rocks 
of probable Tertiary age in Nye County, Nevada, has intensified studies 
of the Salt Lake group and equivalent stratigraphic u ioi t s of Nevada, 
Utah, and I da r:o. In Cache Valley, these rocks are well enoup,:h exposed 
to warrant a deta i led stratigraphic study and correlation vdth surround-
ing areas. 
Geologic setting 
Cache Valley is a broad north-south valley located near the 
northea~tern corner of the Great Basin section of the Basin and Range 
Province. It is bcun ded on the west by t he northern part of the 
Wasatch Range and the Malad Ranre and on t he east by the Bear River 
Range. The rocks that constitute t hese mountain masses are lar g ely 
of Paleozoic are, and every system is represented except the Permian, 
which was no doubt erode d prior to deposition of Tertiary rocks 0 The 
valley sides are paralleled by high-angle faults, although relief 
similar to that of to day existed previous to deposition of the Tertiary 
Salt Lake group. Tertiary ''Wasatc h" beds and rocks of the Salt lAke 
group are exposed in the foothills adjacent to Paleozoic rocks in the 
south ern part of the valley. In the northern part of the valley, Salt 
Lake group is exposed ad.iacent to Paleozoic rocks. Quaternary Lake 
Bonneville group covers the valley bottom. Rock units exposed in Cache 
Valley are summarized in a table ( Table 1). 
Table 1. Rock uni ts exposed in Cache Valley, Utah and Idaho 
Thickness . 
Age Rock unit Lithology (Feet) 
Lake Bonneville group Silt, clay and gravel 120 
Williams 
Qua.ternary Pleistocene (Personal communication) 
Pre-Lake Bonneville group Fang 1 omera te, gravels ? 
Mink Creek conglomerate Light-gray to pale-orange 3 ,435+ p.. tuffaceous conglomerate Keller ( 1952) g 
M 
bD 
------------PL _ocene Light-colored tuff, lime-
G) Cache Ve.lley formation atone, sandstone, and ?, (_,74 ~ 
~ conglomerate 
- - -
+" 
Coll:n~ 
..-4 
cd 
Cl.l Light-gray tu f faceous 1, 500+ 
Tertiary Miocene conglomerate < conglomerate 
.._ - ~----------:::::.... 
Oligocene 
Eocene 
--------------
'twasa.tch" beds Reddish conglomerate 530 Paleocene and limestone \'iilliams (1 948) 
Sandstone, limestone and 
Paleozoic Pe.l eozoic rocks dolorni te 
5 
Light-colored conglomerates, tuffs, limestones, and sandstones of 
the Salt Lake group orop out in the foothills along the eastern side of 
Cache Valley almost continuously from Red Rock Pass at the northern end, 
to Mink Creek, Idaho (Fig. 1). Salt Lake grm ip outcrops also are 
continuous from Mink Creek to Green Canyon, northeast of Logan, Utah. 
Between Green and Blacksmith Fork canyons, Quaternary deposits overlie 
the tuffaceous sediments. South of Blacksmith Fork Canyon, the Salt 
Lake group reappears and is exposed continuously to the southern 
end of the valley. Here an extensive pediment has formed on rocks of 
the Salt Lake group. Along the western side of the valley, from the 
southern end to within few miles of HyruM, Utah, Salt Lake group is 
well exposed. Northward between Hyrum and Mendon, Utah, a pediment 
has developed probably on Wasatch conglomerate. From Mendon northward, 
Salt Lake grouo reappears and crops out continuously to the northern 
end of the valley. Paleozoic rocks croo out at several places between 
Mendon and the north end of the valley. Cache Butte and Newton Hill 
consist of Paleozoic rooks surrounded by Salt Lake group. Northwest 
of Weston, Idaho, a steep fault scarp (Fig. 2) exposes Paleozoic rocks 
that are overlain by Salt Lake group. 
Previous investigations 
No detailed stratigraphic studies relating various exposures of 
the Salt Lake group in Cache Valley have been made previous to this 
report. Peale (1879) first identified the Salt Lake r,roup in Cache 
Valley. Williams (1948) published one stratigraphic section and 
later (Smith, 1953) divided the Salt I.e.ke group of the southern part 
of Cache Valley into three format : ons. Keller (1952) applied a new 
name, Mink Creek formation, to similar rocks in the northern part of 
Caohe Valley in Idaho. 
' Figure 2. Aerial oblique of the northern end of Cache Valley. Paleozoic rocks overlain by light-
oolored Cache Valley form ation are exposed in the fault scarp in the left foreground. 
The scarp is about l mile northwest . of Weston. Idahoo 
7 
Field work 
The field season of 1954 vras devoted chiefly to detailed strati-
graphic studies of critical .areas of outcrop of the Salt Lake group in 
Cache Valley. Poor exposures and obscure structural relationships 
invariably made the measurement of strati~raphic sections difficult. 
This restricted the time ava i lable for general field work so that 
detailed maps of particular areas could not be prepared. An attempt 
was made to find additional vertebrate evidence of the age of the 
Norwood tuff in Morgan Valley, and the relationships of lava flows to 
tuffaceous sediments were examined in a.."l area ea.st of Snowville, Utah. 
The strati i:;ra.phic sections were measured partly with a steel tape 
and partly with a Brunton compa.s s. Rock colors were determined with 
reference to the rock-color cha.rt prepared by the :,ock-Color Chart 
Committee (1948) and distributed by the Nati onal Research Council. 
The descriptions of sedimentary rocks follow the classification of 
Pettijohn ( 19M). Thus, a tuff may be composed of pure volcanic 
ejectementa or a mixture of such material and ordinary sedimentary 
detritus. 
8 
AREA DESCRIPTIONS 
Wellsville Mountains - Clarkston Mountain~· Utah 
Northern end of Wellsville Mountains. -- At the northern end of the 
Wellsville mountains, a thick conglomerate overlies both "Wasatch" beds 
of Tertiary age and Paleozoic rocks of Carboniferous ages (Fi g . 3). 
Williams (Smith, 1953) has designated this basal stratigraphic unit of 
the Salt Lake group as the Collinston conglomerate. It is e'xposed in a 
wide belt, half a mile to 2 mil es wide, along the northern end of the 
Wellsville Mountains. The outcrop is continuous from a fevf miles 
northwest of Uendon, Utah, to the Lake Bonneville shoreline east of 
Collinston, Uta h , a distance of ab out 5 miles. The be ds generally dip 
north ward about 8° and are a bout 1, 500 fe et thick. The extent of the 
Collinston into the va l ley is not known be ca use of t he overlying Cache 
Valley formation. 
The Collinston conglomerate is li ght in color and massive, but 
outcr ops are generally obscure. It consists of rounded to subangular 
cobbles and pebbles of moderate-yellow-brown limestone, dark-gray 
finely crystalline lim estone, light-brown calcareous sandstone, black 
chert, moderate-red silty lim estone, and a few acidic igneous rocks. 
Boulders of dark-gray lim estone and light-tan quartzite are scattered 
through the conglomerate. The conglomerate is cemented with calcite 
which contains tuffaceous material and red silt that in places gives the 
conglomerate a red hue. Coarse san dstone lenses are interbedded with the 
conglomerate. The sand grains in these are coarse and angular and are 
cemented with calcite. The conglomerate was derived from t he upper 
Paleozoic rocks that composed the mountain front adjacent to the site of 
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) 
deposition. The thickness of the conglomerate is estimated at. 1.500 
feet from an e::xp os ure on the first ridge east of Collinston. Utah. 
where the conglomerate crops out for more than 10.000 feet and dips 
about 8° (Fi G. 3). 
10 
On the first and second maj or ridges. about 3 mi l es northwest of 
Mendon. Ut ah . the con t act of the Collinston and "Wasatch" beds is well 
exposed (Fig. 3). ' Here the Collinston dips nort hward about 8° and uncon-
formably overlies "vYasatch" beds t ha t dip nort hward more steeply. 
Tuf faceous beds overlie t he CoJlinston about a quarter of a mile northward 
from t he con ta ct of the cong lomerate a nd "Wasatch" beds. In t he lo wer 
part of the ca nyon west of the second rid ~e, a li ght- V,ra y tuff und er l ies 
t he Col l inston. 
Farther west ward on t h e s econd IM.j or ri dre northeast of Col l inston. 
Utah. t h e Collinst on conglomer ate successive l y overla ps '"Wasatc h" b eds 
and Paleozoic r ocks. On t h is ri dge> t uf f aceo us lim estone an d tu f f beds 
overlie t h e con glomerate. A nor thv:e st-trending hi gh-a ngle f ault cuts the 
rid ge about ha.If a mile nort hward from t he contact of Paleozoic rocks and 
Col l inston. On the south si de of the fa u lt. ''Wasatch" beds are overlain 
by Col l i ns ton conglomerate ( Fi g . 4). The fault ha.s brou ght tu f f beds 
and tuffaceous lim e stone beds on t he downthrown nort h side of the f ault 
into contact with Coll i nston and "Yfasatch" beds. This relation indicates 
that the d own-faulted iu f f and lim e stone probably overlapped the Collinston 
and that the Collinston is basal to the Salt Lake gra.,.p in this area. 
North of the outcrop of the Collinston conglomerate extending from 
Mendon, Utah, to near Collinst on. Utah, beds of tuff, limestone, and 
conglomerate are exposed. Th e h eds are probably strati p;re.phically higher 
than the Collinston, but sane may b e equivalent. Several east-west 
high-an g le faults and several nort h-trending faults displace the beds, 
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Figure 4. Sketch showing the stratigraphic relations 0£ the Salt Lake 
group and "Wasatch 0 beds at the northern end of' the Wells-
ville Mountains. Bef'ore f'aulting, the Cache Valley forma-
tion, on the north isde of the fault, overlapped the Collins-
ton conglomerate which overlies ''Wasatch n beds. 
Figure 5. Def ormed tu££ beds in a r oad cut on u. s. 
Highway 89 west of Logan, Utah 
12 
making the stratigraphic position difficult to discern. A stratigraphic 
section (Appendix. section No. 4) was measured at a point about 1 1/2 
miles north of the outcrop of the Collinston conglomerate along an 
elongate north-trending hill. The dip of the heds steepens northward 
from 4° at the bottom of the section to 17° near the top. The section 
begins with a 35-foot pebble conglomerate which is composed chiefly 
of dark-gray limestone and light-tan quartzite cemented by calcite. 
A 3 1/2-foot reddish-brown clay bed is interbedded with the ~onglomerate 
which may have been derived from 'hflasatch" beds. The conglomerate is 
overlain by a series of white to light-gray tuff beds which are inter-
bedded with tuffaceous conglomerate and sandstone beds. Higher in the 
section. tuffaceous limestone beds are int erbedded with the tu f f. 
Several of the limestone beds contain fossil ostracods. The 294 feet of 
sediments measured is only part of the total thickness exposed in the 
area wr.ich probably exceeds 2.000 feet. 
Tuff beds are well exposed in a r oaccut on u. s. Highway 89. 
nine mil es west of Lor an. Utah. These beds are stratigraohically 
higher than the '~Vasatch" and are stratigraphically higher or equivalent 
to the Collinston. Individual h eds range in thickness from one-eighth 
inch to about 8 feet and were measured from the easternmost exposed bed 
to the western end of the roadcut as follows: 
13 
Cache Valley formation Thickness 
(feet) 
5. Tuff, light gray, t hin bedded 
4. Tuff, very light graY, massive. 
3. Tuff, light ~ray to olive gray, t hin bedded 
one-eighth inch to 3 inches) to massive. 
Near bottom of unit, 2 feet of thin-bedded 
one-eighth inch Common, tuff is folded • 
2. Tuff, very light gray, massive, soft, 
weathers lir,~t-olive gray 
1. Tuff, yellowish ~ray to light gray, t hin 
bedded, weathers white 
Total 
The deform ed beds of unit 3 are folced asynunetrically (Fi~ •. 5) as a 
result of contemporaneous deformation. The dra f folds were produced 
before the beds were not solidified by overlying beds slumping or 
gliding over the less competent beds. 
Irmnediately east of Collinston, Utah, a conglomerate of the Salt 
10 
30 
12 
10 
62 
Lake group crops out t hrour,h the Lake Bonnf'ville group. It is a pebble 
conglomerate with :)ebbles consisting of medium-grained pale-yel101V-brown 
sandstone, dark-gray limestone, light-tan quartzite, and black chert. 
The pebbles are mostly a quarter of an inch to half an inch in diameter 
and are subrounded to subangular. The matrix consists of oo)itic lime-
stone. In places the very light-gray oolitic limestone prF·dominates 
over conglomerate. The oolitic limestone contains many fossil ~astrapods 
and ostracods. The t hi ckness of the conglomerate is a ··out 100 feet; 
its base is not exposed. 
This conglor.ierate is separated from the iVellsvill e Mountains by the 
Wasatch f ault zone or a high-angle fault related to the Vfasatch or both 
(Fig . 3). The west side of the fault is downthro-:m and hRs ohced the 
i ·~ -· .. ,', 17) 
.L ,J; J.... ,:], ~ ~ 
conglomerate at a lower elevation than the Col linston conglomerate 
which com~oses the mountain front in this area, although the oolitic 
conglomerate is thought to be stratigraphically higher than the 
Collinston. This oolitic conglomerate is similar in lit hology and 
fossil content to the oolitic limestone and conglomerate (Appendix. 
t · N 5 units 1 and 2) north of the Bear River Narrows and sec ion . o. • 
maybe an extension of the same unit. 
Cutler Darn. -- In the Bear River NarrO\'lS southw est of the Cutler 
14 
Dam. a red-brown conglomerate unconformably overlies Paleozoic rocks. 
The only exposure of the con glomerate is in the north bank of a canal 
about a quarter of a mile s outhwe st of t he dam. The conglomerate is 
about 50 feet thick. strikes east, and dips south 16°. It is overlapped 
by flat-lyin g sediments of the Lake Bonneville groun. Angu lar fragments 
of thin-bedded tuff were found immediately down the slope from the 
conglomerate., and it seems likely t hat tuff beds overlie the congl omerate. 
Pebbles and cobbles in the conglomerate are chiefl y dark-gray 
finely crystalline limestone, black chert, and light- gray limestone. 
The matrix consists of moderate-reddish-brown tuffaceous clay cemented 
by calcite. The b eds are irregular and vary from resistant beds , 6 
inches to 2 feet t hick. to less resistant beds, 3 inches to l foot thick, 
which consist chiefly of tuffaceous clay with a few angular pebbles. 
Most of the conglomerate is probably reworked 'tw'asatch" beds; and because 
of its stratigraphic position and lithology, the conglomerate is thought 
to be Collinston. 
North of Bear River Narrows. North,ivard fr om the Bea.r River Narrows 
to a point a few miles southwest of Clarkston. Utah. a t hick succession 
of tuff., marl, and limestone of the Salt La.ke group is exposed. On the 
15 
west si de of the area, a steep fault scarp exposes Salt Lake group that 
unconformably overlies Paleozoic rocks. Large rock slides containing 
block s of oolitic limestone are present along t h0 base of the scarp. A 
strati?;raµhic section (Appendix, section No. 5) ·.ras measured about l 
mile north of Bear River Narrows starting at a point near the western 
side of the area and extending northeast ward about 1 mile. The beds 
strike N. 20° W. and dip eastward 2° at the bottom ~f the section to 
27° toward the top. Exposed beds are 1,818 feet thick. An oolitic 
limestone, 280 feet thick, un confor;!l8.bly ove rlies Paleozoic rocks at the 
bott om of the section. The lower 20 feet of this limestone is predomin-
ately congloraerate a:1d a f ew co:ir;lomerate beds are interbedded near the 
top. This limest one is well e:x:-:iosed alonv the fault scarp on t~e west 
side of the area. Fossil mollusks, identified by Yen ( 191+7) and collected 
by J. Stewart Willia.ms , from this unit included t~ree species of 
pelecypods and 17 species of gastropods. Yen conc lud ed that the fauna 
are Pliocene in a~e, probably later Pliocene. Swain (1947) studied 
ostracods from the same unit. Of the 12 species described , 11 are new 
and no definite assignment could be mnde. However, Swain points out 
the close relationship of most of the species to Pleistocene and Recent 
forms. Overlying t he oolitic limestone are two limestone beds interbedded 
with tuff. The first limestone is smoke gray and petroliferous. and the 
second is wood brown and lit hographic. Both limestone beds contain 
fossil mollusks. Above these limestone beds is a thick series of thin-
to medium-bedded light-gray to moderate-yellow-green -tuffaceous marls, 
interbedded light-gray tuffs. and moderate-yellow-green sandstones. 
These tuff, marl. and tuffaceous sandstone beds, pa r ticularly the green 
tuffaceous sandstone, can be traced from about a half mile north of 
Cutler Dam to about 1 1/2 miles southwest of Clarkston Utah a distance 
• • 
16 
of about 4 miles 0 The marl beds commonly contain fossil gastropods and 
ostracods. The beds in this section are clearly of lacustrine origin. 
Clarkston~· Utah 
In the northern side of North Canyon, about 4 1/2 miles northwest 
of Clarkston, Utah, a medium-gray aphanitic lava flow a.bout 10 feet 
thick is interbedded with tuffaceous sediments of the Salt Lake group. 
The lava overlies about 200 feet of tuffa.ceous sediments that have been 
altered near the contact. A yellowish-gray lithographic limestone 
interbedded with light-gray tuff overlies the flow. The lava is 
vesicular, and the vesicules, about one-half to 1 millimeter in diameter, 
are filled with calcite. Massive obsidian is present in places within 
the flow. 
About half a mile up North Canyon from the outcrop of the lava flow, 
a moderate-yellow-green tuff is present near the base of the Salt Lake 
group. It contains lirht-tan quartzite boulders and cobbles scattered 
throughout and is very fine. The outcrop is in the bottom of the canyon, 
and Paleozoic rocks crop out on the steep south side of the canyon. This 
relation suggests that the tuff was deposited in the canyon. 
Vlorrn Creek - Cub River ~, Ide.ho 
In the foothills of the Bear River Rani:; e east of Preston, Ida ho, 
between Worm Creek and Cub Ri ·:er, a. thick succession of the Salt Lake 
grou p is exposed. Tuffa.cecus sediments 7,674 feet thick unconfonnably 
overlie Paleozoic rocks and are overlain by a conglomerate at least 
1.026 feet thick (Fig. 6). The conglomerate is well exposed in Cub 
River Canyon. 
In Worm Creek Valle y , just north of the Glendale Reservoir, Paleozoic 
rocks are exposed near the core of an anticline involving tuff of the 
Salt Lake group (Fig. 7). The Salt Lake group unconforma.bly overlies and 
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Figure 6e Geologic sketch map of the Worm Creek - Cub River area, Idaho. 
Qal - alluvium. Troe - Mink Creek conglomerate, Tcv - Cache 
Valley formation, Cb - Brigham quartzite 
.. 
Aerial view of Creek Valley northea~twArd frnm +.hA WPAt~rn nnd 0£ the Glond~lo 
Reservoir. 'l'he round hill in t.li.e rig:ht-middl e fnrf!~rounn i A onmpo,;i"'rl or Po.loozoic 
rocks (P) which are overlain by the Cache Valley formation (Tov). 
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dips away from the Paleozoic outcrop on three sides. north, east. and 
west. A stratigraphic section (Appendix. section Nos. 6 and 7) was 
measured along the east limb of the anticline. The succession strikes 
generally north and dips to the east. The dip increases gradually from 
1° near the crest of the anticline to 40° near the middle of the section 
on the eastern limb. Near the overlying conglomerate, however, the dip 
is only 20°. Coulter (1954) believes that a high-angle north-trending 
fault displa.ces the Salt Lake group beds near the base of the upper 
conglomerate in this area. The writer found no evidence for faulting 
within the Salt Lake group beds and believes that the section is 
uninterrupted on the east limb of the anticline. 
The lower 7.674 feet of the section consists mostly of well-bedded 
tuff and limestone of lacustrine origin. The base is marked by a 
very light- gray to lig ht -green tuff • 82 feet thick. with interbedded 
thin-bedded light-olive- gra y limestone. Th e remainder of the tuffaceous 
beds, 5.502 feet, consists of light-gray to li~ht-green, thin- to 
massive-bedded tuffs int~rbedded with light- gray to dark-gray, thin- to 
medium- bedded limestones. A few sandstone and conglomerate beds are 
interbedded with the tuffs and limestones; light-gray to light-green 
tuffaceous sandstone beds become abundant near the top. The sandstones 
and conglomerates are medium- to massive-bedded and in some places are 
cross-bedded. The light-gray tuffs usually weather to smooth slopes 
and offer little resistance to erosion. They are thin- to ma.ssive-
beddegf many massive beds are m:ire resistant and stand out as ridges. 
In contrast to the weaker light-gray tuffs, the green tuffs are generally 
more resistant and harder. They weather to s:nall chips wi. th conchoidal 
surfaces and sharp edges and stand out as ridges. Limestones in the 
section are well bedded . tr.in to medium. and three of the limestones 
are petroliferous (Appendix, section No. 6, units 10, 12, and lL). 
2'.) 
A limestone near the top of the section (Appendix section No. 6, unit 14) 
contains a 2-foot dark-yellowish-orange chert bed. The opaline chert 
interbedded with limestone described by Keller (1952) is similar to this 
bed. 
The 86 feet of smoke- gray petroliferous · limestone and tuff 
(Appendix, section No. 5. unit 3) of the area north of Bear River Narrows 
may b'e equivalent to the petroli fe rous limestone and tuff of uni ts 12 
or 14 in the WoI"l!l Creek area (Appendix, section No. 6, units 12 and 14)o 
The only basis for su g~estin g a correlation of t his nature would be 
the li t ho lo gi c similarity and the petroliferous character oft he 
limestone. 
The tuffaceous con gl omerate (F'i g . 8) in the upper part of the 
succession in Worm Creek Valley is a t lea.st 1,026 feet thick and over-
1i es the tu f faceous beds conforma bl y. Pebbles and cobbles of the con-
glomerate consist chiefly of dark-e;ray limestone. light-e;ray t uff, 
li ght-tan to white quartzite, and bl qck chert. Many boulders of li ~ht-
tan to white quartzite, and dark- gray limestone are scattered throughout 
the conglomerate. Some are as large as 5 fe et in diameter. The pebbl es 
and cobbles are su l r ounded to subangular and are cemented by pale-
yellow-oran ge to ~hi te tuff'aceous marl and white calcarerua tuff. A few 
thin calcareous tuffs, 2 to 10 inches, are present near the bottom. 
The conglomerate becomes finer toward the top. 
Scattered gastropod fossils were found in one limestone bed 
(Appendix. section No. 6, unit 10), and ostracod tests are abundant in 
the limestone of unit 13 of the same section. Plant remains were found 
Figur e 8. Mink Creek conglomerate near the bottom 
of the form ation on the di vide between 
Worm Creek and Cub River 
Figure 9. Calcareous tuff beds in the upper pa.rt of 
the Cache Valley forIIll'J.tion in 'Norm Creel<: 
Valley. One thin bed, near the hammer, 
contains abundant matted plant remains. 
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in two places (Appendi.x• 1ection No. 7., unit 7; section No. 6., unit 6). 
In unit 7., the plant f'oss.ls are matted and very abundant in one thin 
calcareous tuff bed ( F'ig. 9). 
A basic igneous mru.s:s ntrudes the Salt Lale e group near the crest 
of the anticline in Vfmnn jreek Valley about a quarter of a. mile north 
of the middle of Glendiale Reservoir. The intrusion has cut and 
altered tuff and limemtom Jeds overlying it. Later basic dikes have 
cut both the intrusi om an:1 ,verlying limestone and tuff. Little alter-
ation was procil ced by the dlkes. The beds of the Salt La.ke group appear 
little distur r,ed by tr .,e i-it .--usions; however, the intrusions may have 
caused the anticline iJ.n t1e area.. 
In Cub River CanyQ)n a.Dot 9 miles east of Preston, Ida.ho., near 
the western b ounda.ry Q)f tie Cache National Forest, a massive conr;l omerate 
is exposed in the sout;h wi.l. of the canyon. It forms a shear cliff., 
perhaps 200 feet high. , T1e beds dip eastward toward the Paleozoic rocks 
of the Bear River Ra.:ng:e a1d are probably in fault contact with the 
Paleozoic rocks. The Co!l(;l,merate is coarse and contains many boulders 
and has a tuff'aceous mta.rl7 1atrix. The upper conglomerate of the Worm 
Creek Valley sectio n c:a.n be traced into this conglomerate and to the 
conglomerate of the Ri chmon<-Smithfield area., Utah (Fig. 10). In 
Cub River Canyon., the conblQe rate is well exposed., massive, and 
~ppa.rently overlies li,ght-g:ny tuff beds conforma.bly. 
A basic intrusion 1penet13.ting tuffaceous beds of the Salt La.ke group 
is exposed in a road ctut in ;ub River Canyon about 5 miles east of 
Preston., Idaho. This :intrus _on ma.y be a.n extension of the basic intrusion 
in ·:lonn Cr eek vall ey tco the 1orth. It ala o crops out on the 5 outh side 
of the Cub Ri ver. '.The tuffaeous beds a c; the contact have bee n altered 
Figure 10. View south~ard of the Bear River Range across the Cub River. 
The mountains in the background are composed of Paleozoic 
rocks (P). The foothills are composed of Mink Creek con-
glomerate (Tmc) and Cache Valley formation (Tcv). 
and are somewhat disrupted. 
Richmond - Smithfield~· Utah 
24 
In the foothills of the Bear River Range east of Richmond, Utah, 
and Smithfield, Utah, a conglomerate of the Salt La.ke group crops out 
adjacent to Paleozoic rocks. This conglomerate, as previously noted, 
can be traced to the Worm Creek - Cub River area, Idaho, but for the most 
part it is poorly exposed. It consists of subrounded to angular 
pebbles and cobbles with a few scattered boulders. The pebbles and 
cobbles are composed chiefly of dark~gray finely crystalline limestone, 
dark-gray dolomite, light-tan quartzite, and black chert. The boulders 
consist chiefly of light-tan Brigham quartzite and are strewn on the 
slopes of the foothills especially northward from Smithfield where the 
Brigham quartzite composes the mountain front. The matrix oft he con-
glomerate consists of light-gray calcareous sandy tuff and pale-yellow 
marl. Calcite is the cementing material. The coarseness and angularity 
of the fragments indicate a nearby source area. Lower Paleozoic 
formations in the mountains to the east are no doubt the source of the 
coarse mat erial. 
About an eighth of a mile east of Richmond, Utah, the beds of 
conglomerate dip E. 20° and strike north. About half a mile southeast 
of Smithfield, Utah, t h e beds dip gently valleyward and strike ab out 
Ne 20° E. The conglomerate in this area is at lee.st 800 feet t hick and 
overlaps Paleozoic rocks low on the mountain front. The conglomerate 
forms smooth ridges that elope gently toward the valley and form a 
pediment surface which was subsequently dissected. 
I_!yrum - Avon ~· Utah 
In the foothills of the Wellsville Mountains scuthwest of Hyrum, 
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Utah, to west of Avon, Utah, a thick succession of Salt Lake group 
unoonformably overlies '~asatoh" beds and Paleozoic rocks. Gently 
sloping ridges characterize the foothills. These ridges represent a 
pediment surface which has been truncated on its outer margin by a 
high-angle fault and which has subsequently been dissected. A strati-
graphic section (Appendix, section No. 3) was measured in Big Spring 
Hollow, about 3 miles west of Avon, Utah, from the contact of Salt Lake 
group and 'twasatch" beds to a north-trending fault about 1 1/2 miles to 
the east. The sect i on begins with a light-olive-f,ray limestone which is 
lar gely strornatolitic (Fig. 11). The basal lim estone is overlain by a 
series of interbedded light-gray to white tuffs, pebble conglomerates, 
tuffaceous limestones, and tuffaceous sandstones. The beds are 
similar in lithology to the tuffaceous beds of the other measured 
sections in Cache Valley. However, san dstones and pebble conglomerates 
CQ~prise a greater part of the Big Spring Hollow section than do such 
Sediments in the other sections. Total thickness of the measured sec-
tion is 1,597 feet. 
A 10-foot resistant tuffaceous limestone bed (Appendix, section 
No. 3, unit 7) can be traced for several miles northward along the 
strike west of Avon, Utah. A similar limestone bed is present at the 
northern end of the Wellsville Mountains. The two limestones have the 
same thickness and lithology; beds above and below the limestone are 
Similar. These two units might represent a continuous bed. 
No evidence of an unconformity was found by the writer within the 
l,597 feet of sediments measured in Big Spring Hollow. A conglomerate 
(Appendix, section No. 3, unit 5) in the section contains strornatolites 
and tuffaceous pebbles that were derived from older Salt Lake group 
.. 
Figure 11. Stromatolitic limestone at the base of 
the Salt Lake grC1Jp in Big Spring Hollow 
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sediments, but this conglomerate is thought to be intraformational. 
Some fossils, mostly mollusks, were found in the area. About an 
eighth of a mile southwest of the Hyrum reservoir, in the northwest 
bank of a wash which is being used as a garbage dump, a series of 
tuffaceous sandstones, tuffs, and oolitic limestones is well exposed. 
The oolitic limestone contains abundant fossil mollusks. Takeo Susuki 
identified the gastropod Planorbula sp. ind. that was collected from a 
limestone (Appendix, section lfo. 3, unit 2) near the bottom of the Big 
Spring Hollow section. A few f ragmentary plant fossils were found in 
tuff beds exposed in the west bank of the Little Bear River a half 
mile northwest of Paradise, Utah. Brovm (1949) studied plant fossils 
from this area and concluded that they were of Pliocene age, probably 
middle Pliocene. Also in this area nud cracks are ex posed that attain 
a depth of 2 feet through tu f face ous marl beds. The cracks are preserved 
as tufface ous limestone casts about l inch t hick. 
Vfellsville ~· Utah 
West of the Wellsville, Utah, about l 1/2 miles, a small patch of 
"wasatch" conglomerate crops out and makes a conspicuous red spot on 
the front of the Wellsville Mountains. The ""lrasatch" is unconformably 
overlain by a 20-foot thick pebble-cobble conglomerate of the Salt Lake 
group. This conglomerate contains fragments of dark-gray finely crys-
talline lim estone, light-gray limestone, light- brown calcareous sand-
stone, and moderate-rad limestone. The matrix is sand cemented by 
calcite and ranges in color from white to moderate-red. The pebbles, 
cobbles, and sand grains are angular to subrounded. This poorly sorted 
conglomerate was derived from nearby Carboniferous rormations that 
comprise the east side of the Wellsville Mountains. 
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AREAL STRATIGRAPHY 
General statement 
The stratigraphic nomenclature presented in this paper is a com-
bina.tion of terms used previously by Williams (Smit h , 1953) in the 
southern Cache Valley and Kell er (1952 ) in northeastern Cache Valley 
( Table 2) o Cha nge s in t he pr evious nomenclature consist of inclusion 
of t h e Vlest Spring formation, described by Williams (Smit h , 1953) , 
an d the "lower tu f f member" of the Mink Creek fornation (Kell er, 1952 ) 
in t h e Cache Valley formation. Also, t h e "upper con glomerate member" 
of t he Mink Creek formation (Ke ll er, 1952 ) is elevated to for!Tl.lltion 
st atus as t he Mink Creek con r,lomerateo 
Table 2. Salt Lak e ~r oup nomenclature 
Williams (Smith, 1953) 
Cache Val le y form ~tion 
West Spring formation 
Collinston con glomerate 
Kell er, 1952 
Mink Creek formation 
"con g lomer a te member" 
Mink Creek form at ion 
"tu.ff memb e,r" 
This pa pe r 
Mink Creek 
con g lom e rate 
Cache Val l ey 
formation 
Collinston 
con g l omer a te 
Stratigraphic units 
Collinston conglomerate. -- The type area of the Collinston con-
glomerate, as described by Will iams (Smith, 1953), is the northern end 
oft he Wellsville Mountains. The Collinston consists of rounded to 
subangular cobbles, pebbles, and some boulders of Paleozoic rooks. It 
is cemented by caloi te that contains minor amounts of tuff and red 
silt which in places gives the conglomerate a red hue. Light-gray 
tuff of the Cache valley formation intertongues w.i.th the Collinston. 
The conglomerate is at least 1,500 feet thick. 
The Collinston conglomerate is nowhere well exposed, but the best 
and most extensive exposure is at t he northern end of the Wellsville 
Mruntains. Here the conglomerate unconforma.bly overlies 'tvlasatchn 
beds and Paleozoic rocks. Small e:xposures of conglomerate about a 
quarter of a mile southwest of Cutler Dam and about 1 1/2 miles west 
of Wellsville, Utah, are probably Collinston. The conglomerates in 
these areas unconformably overlie Paleozoic and ~Wasatch" beds respec-
tively. J. Stewart Williams (personal communication) believes that the 
conglomerate overlying Paleozoic rocks at Cache Butte, Utah, about 9 
miles northwest of Logan, Utah, and Red Rock Pass, Idaho, represent the 
Collinston. Elsewhere in Cache Valley where Salt Lake group was 
observed overlying older rooks, the Collinston is not present but tuffs 
and limestones of the Cache Valley formation are in depositional or 
fault contact with the older rocks. 
Cache Valley formation. -- Willia.ms (Smith, 1953} designated the 
tuffaceous beds that outcrop in the southern and central part of the 
valley along the banks of the Bear and Little Bear r ivers and in the 
Wellsville Mountain - Clarkston Mountain area, Uta h , as the Cache Valley 
formationo In the type area it consists of a series of interbedded 
light-colored tu ."fs, tuffaoeous sandstones, tuffaoeous limestones, 
oolitic limestones, and pebble conglomerates, green tuffaceous sand-
stones, and dark-colored petroliferous limestone (Appendix, section 
Nos. 4 and 5). 
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The writer considers the tuffaceous beds (Appendix, section No. 3) 
cropping out west of Avon, Utah, which were designated by Williams 
(Smith, 1953) as the West Spring formation, as part of the Cache Valley 
formation. These be ds are thought to represent Cache Valley formation 
because of their litholo Gic similarity to and conformity with the beds 
of the Cache Valley form 'ition as previously notede 
Tuff and limestone beds of the Cache Valley formation in the 
Wellsville Mountains - Clarkston Mountain area, Utah, (Appendix, sect i on 
Nos. 4 and 5) are lithologically si ~ilar to tuff and limestone beds 
in the Worm Creek Cub River area, Idaho, (Aopendix, section Nos. 6 and 
7) and are ree;arded as equivalent. Thin- to massive-bedded li r;ht-e;ray 
tuft's are simil a r as are several lir;ht-green tuffaceous sandstones. 
Petroliferous lim P.stone beds, as previously noted, are simil ar o 
Both are as c r ntain beds chiefly of lacustrine ori r;in with a few int er-
bedded fluvial sandst0nes and conglomerates. Fo~sil mollusks and 
ostracods are present in both areas although not abundantly in t ~e 
Worm Creek - Cub River area. The tuff and limestone beds in the two 
areas have simil a r strati~raohic positions; they unconformably overlie 
Paleozoic rocks. The tuffaceous beds of the Worm Creek - Cub River 
area prooably extend at l east as far south as Dry Canyon southeast of 
Smithfield, Utah, as indicated by their position beneath the "hnk Creek 
conglomerate. 
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The "lower tuff member" of the Mink Creek formation (Keller, 1952) 
is regarded as Cache Valley formation. This conclusion is based on 
the occurrence of lithologic similarities between the '~lower tuff 
member" and the succession of tuffs and limestones in the Worm Creek -
Cub River area, Idaho, which, as noted in the paragra?h above, is 
considered Cache Valley formation . Petroliferous limestones, cherty 
limestone, green tuffs, and light-gray tuffs are present in both 
units at similar stratigraphic positions. The tu.ffaceous sediments 
in both areas unconformably overlie Paleozoic rocks and are overlain 
by a lithologically similar and continuous conglomerate, the Mink 
Creek conglomerate. 
The thickness of the Cache Valley formation varies considerably. 
This variation of thickness reflects the irregular topography upon 
which the formation was deposited . The formation is 7,674 feet thick 
in the northern part of the valley; whereas in the scuthern part of the 
valley, its thickness is a.t lea.st 2,000 feet. Also toward the south, 
conglomerate beds increase in abundance and thick ness. The lower 
5,0 u') feet of the formation in the Worm Creek Canyon area contains a few 
thin conglomerate beds, wi.ile the con~lomerate beds in the Hyrum-Avon 
area and at the northern end of Wellsville Mountains make up a large 
part of the formation. 
The age of the Cache Valley formation seems established as Pliocene 
• 
probably middle or upper Pliocene. Yen (1947) has studied molluscan 
fauna from the oolitic limestone (Appendix., section No. 5, unit 2) 
north of the Bear River Narrows and assigned the beds to the Pliocene 
• 
probably middle or late Pliocene. Brown (19L9), from studies of fossil 
plants from Salt Lake group beds near the mouth of McM.lrdie Hollow half 
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a mile northwest of Paradise, Utah, assigned the beds to Pliocene, 
pro bably mid-Pliocene. Fossil gastropods were collected by the writer 
from a tuffaceais oolitic limestone in a wash being used as a ~arbage 
dump an eighth of a mile southwest of the Hyrum Reservoir. Takeo Susuki 
identified the fossils• and an extract of a latter c ontaining his identi-
fication states: 
Pompholopsis minima Yen 
Vorticifex cf. tryoni Meek (young form) 
Physa sp. ind •••• 
The assemblege present above is not sufficient for 
evaluating a precise a~e correlation for the salt Lake group. 
The gastropod Pompholopsis minima described from the Salt Lake 
beds northwest of Logan, Utah is the only form which indi-
cates a probable Pliocene age. Another gastropod Vorticifex cf. 
tryoni (a young form) occurs in questionable Pliocene or Miocene 
beds of Oregon and Ida ~o, and Pliocene of Nevada. From the 
few species present and the works of other Molluscan Paleon-
tologists, a Pliocene age is most probable vrith a slight 
leaning toward Middle Pliocene by tile aid of fossil plants 
described from the Salt Lake beds near the confluence of 
McMurdie Hollow creek and Little Bear River. 
The beds from which the fossils described in the preceding 
paragraph were ta.ken are probably in tre middle or upper part of the 
Cache Valley formation. The lower part of the formation may be ol der. 
Mink Creek congl omerate. -- The "upper member" of the Mink Creek 
formation (Keller, 1952) is here elevated to the status of formation 
and designated as the Mink Creek conglomerate. It overlies the Cache 
Valley formation as identified in this paper with apparent conformity 
and unconformably overlaps Paleozoic rocks in the northeastern part of 
Cache Valley. It can be traced in the foothills adjacent to Paleozoic 
rooks on the east side of the valley almost conti?U1ously from Mink 
Creek to Worm Creek in Idaho and continuously from Wann Creek to 
Dry Canyon southeast of Smithfield, Utah. 
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The type section of the Mink Creek conglomerate is about 1 mile 
west of Mink Creek, Idaho (Keller, 1952). The conglomerate consists of 
subrounded to angular cobbles and pebbles with some boulders. They 
were derived from lower Paleozoic rocks that comprise the front of the 
Bear River Range. The matrix consists of light-gray, sandy calcareous 
tuff and pale-yellow marl. In the ~ink Creek area, the conglomerate 
is interbedded with white tuff. No interbedding of tuff with conglom-
erate was observed south of Worm Creek but may be present inasmuch as 
the conglomerate is poorly exposed. 
The Mink Creek conglomerate apparently overlies tuffaoeous sedi-
ments, here identified as the Cache Valley formation, oonformably. 
Keller (1952) did not recognize an unconformity in the Mink Creek area, 
and the writer found none south of Worm Creek. It should be noted, 
however, that in the Worm Creek Valley area tuff and sandstone beds 
underlying the conglomerate dip E. 30° while the conglomerate dips 
E. 20°. This difference in dip is probably due to the gradual decrease 
in dip that occurs in this part of the section, but the possibility of 
an unconformity cannot be overlooked. The stratigraphic relations of 
the fornations and columnar representation of the measured sections 
are shown in diagrams (Figs. 12 and 13). 
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RffiIONAL STRATIGRAPHIC RELATIONS 
Southeastern Idaho 
Mansfield (1927) studied the Tertiary tuffaceous sediments of 
southeastern Idaho and concluded that the tenn Salt Lake formation was 
appropriate in this area. Characteristic rock types include light-
gra.y to bu f f conglomerate with a white soft calcareous matrix, white 
marl, calcareous clay, sandstone, and grit. Rhyolitic material is 
found within the formation in several places, and Mansfield believes 
that it is equivalent to rhyolite of Yellowstone National Park of 
Pliocene age. A few ooorly preserved mollusks also indicate a Pliocene 
age (l&l.nsfield, 1927). Yen (1946) assigned the Salt Lake formation 
to upp er Miocene because of mollusks found about 9 miles northwest of 
Montpelier, Idaho. Yen states that beds designated as Salt Lake 
formation by Mansfield (1916), 37 miles northeast of Montpelier in 
Lincoln County, Wyoming, contains molluscan species that indicate 
an age much younger than upper 1itl.ocene. 
The Salt Lake fornation of southeastern Idaho is probably Miocene 
or Pliocene in a~e and is litholigically similar to the Salt Lake group 
of Cache Valley. The age of the Cache Valley formation is Pliocene, 
at least in t he upper part. The lower part of' the Cache Valley form-
ation may be older. 
Southwestern Idaho 
The Idaho formation and possibly the older Payette formation of 
southwestern Idaho (Kirkham, 1931) are thought to be time equivalents 
of the Salt Lake group in Cache Valley. The Idaho formation overlies 
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the Payette formation. It is widespread and attains a thickness of 
over 18,000 feet. The sediments accunrulated in an ephimeral lake on 
the subsiding basalt plain of the Columbia River Plateau (Kirkham, 1931). 
Rock types include light-colored shales, sandstones, and a f ew con-
spicuous volcanic aJSh and diatomite beds. Plant fossils indicate a 
Pliocene age; vertebrate and invertebrate fossils sug r,est a Pliocene 
or Pleistocene age. The Payette formation consists of well consoli-
dated volcanic ash, carbonaceous and coaly shale, and sandstone. Plant 
and vertebrate fossils indicate a middle-upper Miocene or possibly 
lower Pliocene age of the formation (Kirkham, 1931). 
The well consoli dated ash of the Payette format i on and the volcanic 
ash beds of the Idaho formation are similar to Salt Lake group tuff 
beds of Cache Valley. Yen (1947) states that the molluscan fauna. of 
the Idaho format i on and that of the Salt Lake group in Cache Valley 
are similar. 
Northeastern Nevada 
The Rumbolt fonnation (Sharp, 1939) of northeastern Nevada is 
divided into three membersi (1) a lower member of shale, oil shale, 
fresh water limestone, sandstone, and conglomerates (2) a middle 
member of rhyolitic tuff and ash; and (3) an upper member of fine 
conglomerate, sandstone, mudstone, siltstone, and shale. Sharp 
assigned the beds to late Miocene and possibly early Pliocene on the 
basis of plant and vertebrate fossils. 
The middle and upper members of the Rumbolt formation are litholog-
icalty similar to Salt Lake group in Cache Valley. The lower part of 
Cache Valley formation, as noted previ ously. may be ol der than Pliocene. 
If this age for the Cache Valley formation is valid, the upper Rumbolt 
wruld be its time equivalent. 
Snowville, Utah, ~ 
Tuffaceous beds of the Salt Lake grouo are interbedded with three 
lava flows along u. s. Hi~hway 30, nine and 1/10 miles southeast of 
Snowville, Utah. Paleozoic rocks are unconformably overlain by a 
tuffaceous light-yellow-gray thin-bedded limestone containing many 
gastropods. This limestone is overlain by an aphanitic black ba salt. 
A light-gray thin- to massive-bedded tuff overlies this flow and is 
in turn overlain by a b.-.sal t flow similar to the first, but containing 
phenocrysts of obsidian. Thin-bed ded light-r;ray tuff overlies the 
second flow and is overlain by a t hir d flow rock. It is aphaniti c 
black, and vesicul a r. The tufface :,us beds in t his area anpear, as 
in Cache Valley, to have a ccumulated in a previously formed vnlley. 
North-Central Utah 
Eardley (1944) named and described the Norwood blff in Morgan 
Valley, about 20 miles southeast of 0Eden, Utah, as a division of 
Hayden's (1869) Salt Lake group. It consists of light-gray to light-
green tuff, interbedded with tuffaceous sandstone, and pebble and cobble 
con~lomerate. The sandstone and conglomerate are cross-bedded channel 
deposits. Volcanic co~lomerate lenses are interbedded and become 
abundant to the south (Eardley, 19Ll+). A stratigraphic section 
(Appendix, section No. 1) represents 5i-+l feet of Norwood tuff in Norwood 
Canyon. The tuff beds rest with ang u lar unconformity upon Eocene 
itvlasatch" beds (Eardley, 191:4). 
The pebbles and cobbles of the volcanic conglomerates in the 
Norwood tuff a.re comnosed of a gla ssy J:>;roundma.ss with imbedded 
phenocrysts and microliths of plagioclase, augite, hypersthene, 
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hornblende. and biotite {Eardley, 19l..i4). The mineralogy of the tuff is 
similar. A green tuff exposed on the divide between Morgan and Ogden 
valleys (Appendix, section No. 2, unit 1) is described by Eardley as 
a very fresh rhyodacite with none of the common seconrlary clay 
minerals. The tuffs and conglomerates are similar to the tuff and 
breccia of the Park City and Karr~s prairie volcanic field. about 25 
miles east of Salt Lake Cito,, Utah, and F.ardley believes they are con-
temporanecus and that the Park Cito, volcanics are the probable source 
of the volcanics in the Norwood tuff. 
The light-colored tuffaceous beds in More;an Valley in the vicinity 
of Norwood Canyon are clearly Oligocene or late Eocene. Eardley (1944) 
discovered titanothere remains in the beds near the mouth of Norwood 
Canyon that were dated lower Oligocene. Thew ri ter found a jaw hone 
with four teeth in a cross-bedded tuf'faceous sandstone in Norwood 
Canyon about an eighth of a mile from the mouth of the canyon. Bone 
fragments were also found in a cross-bedded tuffaceous sandstone 
(Appendix, section No. 1, unit 5) farther up the canyon. The jaw 
bone was identified by C. Lewis Gazin, Curator, Vertebrate Paleontology. 
Smithsonian Institution. An extract of a letter containing his identi-
fication of the fossil states1 
••• The jaw belongs to an agriochoerid type artiodactyl. 
The Agriochoeridae were oreodon-like rnannnals represented in 
the upper Eocene by the genus Protoreodon, and throug h the 
Oligocene into the lower Miocene by the genus Agriochoerus. 
The two forms are not too readily separated by charac ter s 
of the lower molars; however, I am reasonably satisfied from 
the form of the l a st lower premolar and the general., rather 
primitive appearance of the molars that Protoreodon is 
represented. The Norwood tuff jaw corresponds very closely 
in size to material in our collections of Protoreodon pumilus 
(Marsh) from the upper Eocene Uinta formation in northeastern 
Utah. I would say that an upper Eocene age is rather strongly 
indicated. The a~e is certainly not older. 
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The Norwood tuff and Salt Lake group in Cache Valley are lithologic-
ally similar. Tuffs, both light-gray and light - green, are almost identi-
cal. No volcanic conglomer ate is found in Cache Valley, but a few 
igneous peb b les are found in con i:;lomerate of the Cache Valley formation 
and Collinston conglom erate. The a ge of the Norwoo d tuff is unquestion-
ably low er Oli gocene or l ate Eocene. The ag e of the upp er part of the 
Cache Valley formation is Plioc ene . Lack of paleontolo gical evidence 
indi cating an old er a~ e of the Salt Lake group beds in Cache Valley 
preclude correl ation with the Norwood tuff. 
GEOLOGIC HISTORY 
Pre-Salt Lake group erosion surface 
The larger topo gra ·1hic features of Cache Valley appear to have 
existed prior to deposition of the Salt Lake group. Thus, the Dear 
River range on the east and the Wellsville Mountains and Ma.lad Range 
on the west stood out in relief. The low divides, present to :ay, 
were developed between Wellsville ?·fountains and t~e 1/ialad Ranee at 
the northern end of the valley near Red Rock Pass, and at the divide 
between Cache and Ogden valleys. The higher elevations above 6, 5uo 
feet stood as positive areas supplying detritus to the valley. Salt 
Lake group sediments .overlap Paleozoic rocks and ''Wasatch" beds at 
lo wer elevations on the mountain masses. Only on the low divides, 
such as that between V'!ellsville Mountains and the ~Ja.lad Range or the 
divide between Ogden and Cache valleys, do the sediments cover the 
older rocks and extend into the adjacent valleys. 
Deposition of sediments 
Channel deposits of ~nvels and sands locally accumulated on the 
pre-Salt Lake group erosion surface. These form conglomerate lenses 
basal to the Salt Lake group in places. The lacustrine nature of 
most of the sediments in the Wellsville Mountain - Clar kston Mountain 
area, Utah, and the Worm Creek - Cub River area, Idaho, indicates 
that most of Cache Valley was covered by lakes or a lake during 
deposition of much of the Cache Valley formation. The Collinston 
conglomerate represents a valleyside facies interto~guing with tuffaceous 
sediments of the valley. The Mink Creek conglomerate, which overlies 
the Cache Valley formation, was locally derived from the mountains and 
resulted from changed climatic conditions or up-faulting of the moun-
tain front ad.il'lcent to the site of deposition (Keller, 1952). 
The limestone and tuff of the Cache Valley fonnation were deposited 
in lakes that were possibly the result of streams dammed by volcanic 
ash falls. Volcanic ash comprises t h e bulk of sedimentary debris that 
was deposited. Some tuff beds, massive almost pure volcanic ash, 
resulted directly from ash .falls. Other tuff and tuffaceous beds 
cons ist of reworked volcanic ash and non-volcanic ejectementa deposited 
as well-bedded tuff, tuffaceous limestone, and tuffaceous sandstone. 
That particular limestone or tuff beds can be recognized only in a 
limited area wit hin the valley indicates that the lakes were small, 
but occasionally they would spill over their banks and form larger 
bodies of water in which thick extensive limestones could accumul ate. 
The 280-foot oolitic limestone (Appendix, section No. 5. units 1 and 
2) north of the Bea r River Narro ws represents one of th ese. Yen (1947) 
states that the molluscan fauna from t his limestone must ha.ve been 
supported by a lake of large extent. The oolitic conglomerate a quarter 
of a mile east of Collinston. Ptah, is probably equivalent to the 
limestone. and it probably extends far out into Salt Lake Val ley. 
Fluvial deposits within the Cache Valley fonnation are represented 
by cross-bedded tuffaceous san dstone and peb ble conglomerate that are 
interbedded with the lacustrine limestone and tu.ff beds. These de-
posits accumulated in stream channels near the mountains and hetween 
the lakes. Mud cracks found at several places in die ate that some 
lakes were shallow and at tim0s withdrew allowing the mud cracks to 
develop. A tuffaceous limestone (Appendix, section No. 6, unit 11+) in 
Worm Creek Valley displays many small IID..ld cracks and ripple marks. 
West of Paradise , Utah, where the Little Bear River has cut through 
tuff and marl beds, ?!D..ld cracks are exposed that attain a depth of 2 
feet through tuffaceous marl beds. 
The Collinston conglomerate was deposited as a valleyside fa.cies 
intertonguing with the finer tuffaceous sediments of the Cache Valley 
formation. Deposition of the Collinston may have begun before depo-
sition of the illffaceous beds, and the conr,lomerate may have accurm.l-
lated to a considerable t hickness before ap preciable s ediments were 
deposited in the central part of the vnlley. Deposition of the 
Collin s ton continued contem poraneously with the Cache Valley formation 
until it was overlapp ed by beds of the Cache Valley formation. 
The Mink Creek con glo merate was deposited over the lacustrine and 
fluvial Cache Valle y formation in t he northe a stern part of the valle-<J 
probably as a r esult of changin g cli :rnntic conditions or renewed 
faulting along the front of the Bear River Range. If deposition 
resul t ed from a climatic change, flash floods carried the coarse 
sediments far and into the valley fro~ the mountain front1 if the 
Bear River RanF,e were faulted up after Cache Valley f ormation deposi-
tion, the conglomerate received its coarse material from the raised 
block of the mountain mass (Keller, 1952). Volcanic ash falls probably 
continued through the early part of Mink Creek deposi ti.on. The matrix 
of the conglomerate contains volcanic ash, . and a few thin beds of tuff 
are present in the lower part of the conglomerate. 
Intrusion 
An irregular basic intrusion penetrated rocks of the Cache Valley 
formation east of Preston, Idaho . It crops out in places for a distance 
of about 8 miles forming an irregular outcrop pattern, elongate in 
a north-south direction extending from the Bear River to the Cub 
!J-1-
River in Ida ho . Good exposures of the intrusion can be seen in a roadcut 
5 miles southwest of Mink Creek, Idaho, a quarter of a mile north of 
the east end of Glendale Reservoir in Worm Creek Valley, and in a 
roadcut in Cub River Canyon about 5 milP.s east of Preston, Idaho. 
Several other good exposures are found between the outcrop at Worm 
Creek and the Bear River. 
The intrusion penetrated tuff and limestone beds of the Cache 
Valley fonnation in all instances. Beds near the contact, l to 2 :J 
feet away, have been silicified. In the Bear River and Cub River 
exposures, the beds have been disrupted locally bv small faults and 
fractures and h<1ve been domed slightly by the intrusion. Beds cut at 
other places s how little or no deformation as in Worm Creek Valley. 
Also in Worm Creek Valley, irregular dikes of a second intrusion or 
of a late stahe in the first intrusion cut the intrusive ma.as as well 
as overlying limestone and tuff beds. The dikes are basic and very 
ine grained. Little al i eration or deformation of the country rock 
resulted from the intrusion of these dikes. The age of the intr~sions 
is post-Cache Valley formation. 
Fault i~ ~ fol ding 
The mountain ranr,es bounding Cache Valley stood in high relief at 
the time of Salt Lake r.roup deposition possibly as a result of Ba.sin 
and Ra~e faulting (Williams, 1941l) or normal processes of erosion. 
Evidence for an origin of CAche Valley similar to the synclinal 
structure of Morgan valley as described by Eardley (19l.J+) was not found. 
During the deposition of the Salt Lake group, faulting may have occurred 
along the boun daries of Cache Valley resulting in the deposition of 
the Mink Creek conglomerate over t he tuff and limestone of' the Cache 
Valley formation (Keller, 19'52). Post-Salt Lake e;roup hi gh-angle 
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faults parallel all mountain fronts that boun ~ the valley. These faults 
trend essentially north,..,ard and pro 11a.bly res u lt from renewed movements 
in the boundary faults previously rlelinea.ting the valley (\7illiams, 1948). 
The faults displace Salt Lake group and the fault blocks hnve tilted 
g enerally toward the valley except in the northeastern part where they 
dip generally toward the mountain front. The dip of the beds toward 
the valley is too rreat, in most instances, to b e accounted for by 
norna.l valleyward dips resulting from deposition. 
The Mink Creek conglomerate in Cub Riv er Can)ron is thought to be 
in f au 1 t contact with the Paleozoic rocks; in Dry Canyon southeast of 
ST:'.ithfield, Utah, the con gl omerate is in depositional contact with 
Paleozoic rocks. Kell er ( 1952) noted severa l hie; h-anr,l e fa.ul ts dis-
pla.ci!lf; Salt Lake group beds in t h e Mink Creek area, Ida ~10. They 
trend in two directions, north east and northwest, and have~ strati-
gra phic displacement as much a.s 3, 500 feet (Kell e r, 1952). Northwest 
of ·.r,eston, Idaho, a b out l mile , a very youthful nort h -trending fa.ult 
scarp (Fi g . 2) exposes Paleozoic rocks unconforma h ly overlain by the 
Cache Valley formation. At the northern end of Wellsville Mountains, 
high-angle faults tr ending northeast and east are found. A northeast-
trending fault has brought limestone and tuff beds of the Cache Va.l ley 
formation into contact with "Wasatch" beds (Fig. 4). 
At lea.st two periods of post-Salt Lake group faultinE are re c ognized 
in Cache Valley. After the first period of faulting, pediment surfaces 
were produced on the dipping Salt Lake group beds and adjacent older 
rocks. The pediment surface is well preserved at McKenzie Flat south 
of Avon, Utah, Avon- Hyrum area., Utah, immediately east of Paradise. 
Utah. and the Richmond- Smithfield area, Utah. Th is surface wa s d esi gnated 
by Willia.ms ( 19Lt3) as the McKenzie Fl a. t surfa ce. The pediment surface has 
been truncated by north-trendin g hi g;h-an cl e f aul ts, valley si de downthrown, 
an d su b sequen t ly ha s been dissected. This secon d period of f aultin g 
has pro bab ly b een a ctive to t h e present a s in di cat ed by fa u lts displacing 
Lake Bonneville group and local earthquakes recorded in historic time. 
LT 
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APPENDIX 
Measured sections 
Section No. 1, Norwood Canyon, Utah, Sec. 13, T. 3N., R 2E. 
Section of Salt Lake group no:-th of Norwood Canyon, starting at a. 
point about l mile from the mouth of the canyo~ a.nd extending west-
ward to Morgan Valley. 
Alluvium 
8. Tuff. light gray, thin bedded. Largely covered • 
7. Limestone, pale yellowish brown, finely 
crystalline, massive • • 
6. Tuff, light gray, thin bedded. Largely covered . 
5. Tuff, light gray, few scattered pebbles, inter-
bedded tuffaceous sandstone and pebble COnf,lomerate, 
cross-bedding common. Pebbles in conglomerate 
of black chert, red igneous rock, and light-gray 
tuff, a tuffaceous sandstone contains fossil bones 
( 53 feet from top of unit) • • 
4. Limestone, yellowish gray, calcite-filled vugs, 
cherty in places, massive, forms conspicuous ledge. 
3. Tuff, light gray to light green, interbedded 
lenses of coarse-~rained sandstone, cross-bedding 
common. Largely covered 
2. Limestone, pale yellowish bro~'Tl, weathers white, 
massive, contains few gastropods • • 
1. Tuff, light gray, thin bedded. Largely covered • 
Unconformity 
"Wasatch" beds 
• 
• 
• 
• 
Total 
Thickness 
(Feet) 
17.6+ 
3.0 
109.5 
5.0 
21305 
5.0 
Section No. 2, Nor thern Morgan Valley, Utah, Sec. 13, T. 5N., 
R. lF.., Section of Salt La.ke g roup on north si de of Dry Creek at a 
point a.boot 1 mile north of u. S. Highway 30. 
Alluvium 
5-·' 
Thickness 
(Feet) 
5. Tuff, light gray, massive • 
4. Tuff, r;ra.yish yellow green to light gray, 
thin bedded. Largely covered 
3. Tuff, grayish yellow green, thin bedded, sever al 
interbedded pa.le-green medium- grained san dr;t one 
beds 3 inches to 12 inches t h ick, cross-l ,edd ing 
COillr.lOn . . • 
2. Sandstone, moderate yellow brovm, medium to coarse 
gr ained, few scattered pebbles, cross- bedd ing common • 
1. Tuff, r rayish yellow green, thin bedded; intcrbedded 
white massive tuff. Forl'ls conspicuous green outc.:rop • 
Total 
Alluvium 
10.0+ 
321.0 
64.6 
418.0+ 
;l 
Section No. 3, Bie; Spring Hollow, Utah, Sec. 5, T. 9N., R. lE., 
Section of Salt Le.ke group measured eastward from ~7asatch" beds 
along the northern side of Big Sprin g Hollow to a high-anr,le fault. 
Fault 
8. Tuff, light gra,, to white; interbedded con-
glomerate, tuffaceous, medium-grained calcareous 
sandstone and thin-bedded tuffaceous limestone. 
Pebbles in con ~lomerate of light-tan quartzite, 
dark - gray finely crystalline limestone, and 
light-olive-e;ray stromatolites of limestone, 
cobbles chiefly li ght -tan quartzite and 
dark-gray finely crystalline limestone. 
Largely o overed • • • 
7. Limestone, lig ht grayish yellow, finely 
crystalline, weathers light gray, beds 10 
inches to 40 inches t hick, forms resistant 
ledge 
6. Tuff, 'M'lite to light gray, upper part friable, 
weathers to earthy-gray smooth slope. Largely 
covered 
5. Pebble conglomerate, pebbles of li ght -tan 
quartzite, li ght-tan calcareous sandstone, 
light-olive- gray stromatolites of limestone, 
white c~loarea.is tuff, light-tan finely 
crystalline limestone, cement consists of 
tuffaceous calcite; interbedded light-gray 
calcareous sandstone, beds 3 inches to 10 
inches thick. • 
4. Tuff, yellowish brown and light gray; inter-
bedded yellowish-gray to light-gray tuffaceous 
limestone beds, stand out as ridges, maximum 
thickness 20 feet. Largely covered • 
3. Congiomeratic san dstone, light gray, calcareous, 
pebb les of light-tan quartzite, dark-gray, 
2. 
dense limestone, and black chert, cobbles 
chiefly li ght -tan quartzite, cross- bedding 
common • • 
Tuff, light brownish gray and white; interbedded 
light- gray tuffaceous lim estone. Some lim estone 
contain gastropod -tests. Largely covered • 
• 
beds 
• 
Thickness 
(Feet) 
508.0+ 
10.0 
249.0 
585.0 
• 
211.0 
1. Stroma.tolitic limestone, light olive gray, 
stromatolites ran f e in size from .1 mm to 
30 mm, forms resistant ledge • • 
Unconformity 
"Wasatch" beds 
Unconformity 
Wells forim tion 
Total 
Thickness 
(F' eet) 
1597.9+ 
Section No. 4, Northern Wellsville 'Aounta.ins , Utah, Sec. 15, T. 
12U., R. 2W. Section of Salt Lake group measured northward along the 
western side of an elongate hill surrounded by the Lake Bonneville group. 
Lake Bonneville group 
10. Tuff, light gray; interbedded thin-bedded 
croso-bedded tuffaceous limestone containing 
ostracods and dense light-gray finely crystalline 
limestone. Largely covered •• 
9. Tuff, light gray, friable • 
8. Tuff, light gray ; interbedded porous light-gray 
tuffaceous limestone and resistant lenticular 
beds of light-gray tuff in lower part, thin 
bedded layers of light-gray and light-yellowish-
gray tuffaceous limestone in upper part • • 
7. Tufface ous limos tone, light r,rayi sh yellow, 
weathers light gray, beds 10 inches to 30 
inches thick, soru~n.,ha.t porous, in pa.rt finely 
crystalline • • 
6. Tuff, light gray; interbedded with light- gray 
tuffaceous limestone with ostraoods and dense 
light-gray finely crystalline limestone, irregul9.r 
lenticular beds 6 inches to 8 inches t hick • 
5. Tuff, white and light gray; conglomeratic sand-
stone, tuffaceous, matrix light grayish green, 
beds 6 inches to 12 inches thick, intP-rbedded 
in tuff mostly in upper part • 
• 
4. Tuff, light gray and white, calcareous, several 
interbedded layers conglomerate with pebbles of yellowish-
brown cpartzite, black chert, and dark-gray finely 
crystalline limestone, li r,ht-gray and grayish-yellow-
green tuffaceous matrix. Ledges of conglomerate 
conspicuous 
• • • 
3. Pebble conglomerate, pebbles of dark- gray finely 
crystalline limestone and black chert, light-tan 
quartzite, dark-gray finely crystalline limestone; 
few interbedded light-gray quartzitic sandstone 
beds with a few cobbles (size about 12 cm) • 
Thickness 
(Feet) 
39.8 
10.0 
no.o 
• 
• 33.2 
2. 
1. 
Sandy clay, reddish brown, few scattered 
peb ')les. Largely covered • 
Conglomerate, pebbles chiefly dark-gray 
crystalline limestone, cobbles (maxinrum size 
ab r ut 100 cm) dark-gray finely crystal line 
limestone, matrix of f,ranules cemented by 
cr/stalline calcite. On slope boulders of 
light-tan fine- grained quartzite (maximum size 
about 45 cm) and dark-gray finely crystalline 
limestone (15 cm size cor.,mon). Largely covered 
Lake Bonneville group 
• 
• 
Total 
)- i, .. 
Thickness 
(Feet) 
294.21.1:+ 
r:;r 
, .) 
Section No. 5, North of Bear River Narrows, Utah, Sec. 15, T. 
13N., R. 2N. Section of Salt Lake group starting at Paleozoic rocks 
measured northeastward from a point about 2 miles north of the Bear 
River. 
Alluvium 
6. Tuffaceous marl, light gray to white, ostracod 
tests abundant in some beds; interbe dded light-
gray thin-bedded tuff. Largely covered • 
5. Tuffa.ceous marl, light gray, white to moderate 
yellow green, ostracod tests abun dant in some 
beds; in~erbedded light-gray thin-bedded tuff, 
a1·d light-gray to moderate-yellow-gr~en 
tuffaceous sandstone • 
4. Limestone, wood brown, lit hograp hic, weathe rs 
white, gastropods and pelecypods abun ~ant; 
interbedded light-gray tuff • 
3. Limesto ne, smoke gray, petroliferous, platy, 
weathers wl-i te; interbedded li ght - gray tuff 
2. 'oolitic lim es tone, light gray, s andy, poorly 
cemented, thick bedded, few beds of pebble 
conglomerate, shells of gastro0ods and 
ostraoods common 
• 
1. Pebbl e conglomerate, light r ray, oolitic, 
massive, cross-bedding common • 
Unconformity 
Paleozoic rocks 
• 
• 
0 
Total 
Thickness 
(Feet ) 
730.8+ 
545.0 
177 .o 
.86 .o 
26o .o 
20.0 
r:.: 
Section No. 6, Wonn Creek Valley, Idaho, Secs. 3, L, and 5, 
T. 15s., R 40E. Section of Salt Lake group starting at Paleozoic rocks 
e. quarter of a mile north of the middle of Glen de.le Reservoir and 
extending eastward across the eastern limb of an anticline. 
15. Tuff , pale yellowish green, light gray to pale 
yellowish oran ge, thin bedded to massive, massive 
beds stand out as ridges especially near top, few 
beds sandy and calcareous; calcareous sandstone, 
moderate yellcmish brown to light p;ray, medium 
to fine grained, few scattered peb bles, few thin 
pebble con~lomerate layers • • 
14. Limestone, yellowish gray to grayish yellow, 
thin bedded, platy, petroliferous, tuffaceous. 
Mud cracks and ripple marks common. One 
de.rk-yellowish-oranre chert beds 2 feet thick 
13. Tuff, grayish yellow· ~reen; few li ght- gray 
platy mru-1 beds and dark- gray limestone beds 
n0ar top, ostracod tests abundant in some marl 
and limestone beds. Largely covered • • 
12. Tuff, grayish yellow green to very pale oran~e; 
interbed ded yellowish-gray to dark-gray thin-
11. 
bedded petroliferous lim esto ne • • 
Tuff, gra yi sh yellow green; interbedded very 
pale-oran P"e to light- gray tuff, and few beds 
of lig ht- gray limestone. Basic dike 8 1/ 2 feet 
thick 112 feet fr om bottom of unit (beds 
apparently not disturbed by intrusion). Upper 
part of unit large ly covered 
• 
• 
10. Limestone, medium dark gray, t hin bedded, comp~ct, 
resistant, petroliferous, few gastropods • 
9, Covered. 
float • 
Limestone, tuff, and }1asic i gneous rock 
• • • • 
8. Tuff, yellowish gray, plat y ; interbtdded medium-
dark-gray thin-bed ded limestone. Largely covered 
7. Tuff, grayish yellow green, massive, resistant, 
forms conspicuous ledge • 
6. Limestone, light olive gray, weathers white to 
• 
• 
li ght yellow, beds up to 2 feet t hick, resistant, 
tuffaceous and thin bedded near top of unit, contains 
some plant remains near top of unit •• 
• 
• 
• 
• 
• 
Thickness 
(Feet) 
2142.0 
93. 0 
1112 .o 
178.0 
66.o 
134.o 
si.o 
8.0 
102.0 
Tuff, light gray to grayish green, thin bedded. 
a few interbedded thin-bedded tuffaoeous lime-
stone beds. Largely covered ••• 
4. Tuff, light gray to grayish yellow green, thin 
bedded, platy; interbedded light-gray limestone 
near top of unit • • • 
3. Tuff, grayish yellow green, rmssive, resistant 
• 
• 
• 
2. Limestone, light gray, weathers w ite, massive, beds 
up to 3 feet th ick. Largely covered • • 
1. Tuff, very light gray to light green, calcareous, 
• 
Thickness 
(Feet) 
10.6 
• 28.0 
platy; interbedded light-olive-gray thin-bedded tuffaceous 
limestone. Largely covered • • • • • 82.o 
Total 4566.7 
Unconformity 
Paleozoic rocks 
Section Nod 7. Section of Salt Lake group measur ed eastward from 
a point about 1 1/2 miles east of Glendale Reservoir, starting in the 
lower part of a valley which joins that of Worm Creek on the south. 
Bottom of unit 4 is equivalent to top of unit 15, section No. 6. 
8. Conglomerate, pebble and cobble, many boulders 
as large as 5 feet in diameter scattered through-
out, chiefly light-tan to wf ite quartzite, and 
dark-gray finely crystalline limestone. Crudely 
bedded in layers from 4 inches to 10 feet thick. 
Uatrix is pale-yellow-orange to white marl and 
is tuffacec:us; some thin beds with white to light-
gray calcareous tuff matrix. Few thin light- gray 
tuff beds near bottom. Pebbles in conglomerate 
chiefly dark-gray finely crystalline limestone, 
light-gray tuff, light-tan to white c:partzite, 
and black chert; cobbles chiefly dark-gray finely 
crystalline limestone, light-gray to yellowieh-
gray tuff, light gray tuffaceous sandstone, and 
pale red quartzite • 
7. Tuff, greenish gray to 1 ight gray, massive to thin 
bedded; interbedded lenses of coarse sandstone, and 
soft massive li ght-gray tuff. Massive b eds of the 
former tu f f contain scattered subangular pebbles 
chiefly of H g.ht-gray finely cryst.all in e limestone 
6. Tuff, white, lig ht gray to pale yellowish orange, 
massive to thin bedded, massive beds stand out as 
ridges, calcareous in places, plant fossils abundant 
in one t h in tuff bed (Fig. 9) 
5. Sand s tone, light r,ray, medium to coarse grained, 
few scattered pebbles, t hin bedded, calcareous; 
interbedded light-gray "tllff. Largely covered. 
3. 
2. 
Tuff, light gray, light greenish gray to pale 
yellowish green, massive to thin bedded, massive 
bed near bottom of unit forms resistant ledge • 
S&ll'ltdstone, very pale orange to light gray, medium 
grained, tuffaceous, calcareous, interbedded tuff, 
light gray to grayish yellow green and few beds 
pebble conglomerate. Predominately tuff near top 
of unit 
• • 
Tuff, white, light gray to very pale orange, 
massive to thin bedded, weathers very pale orange 
Thickness 
(Feet) 
1026.o-+ 
13:?o.o 
318.0 
610.0 
860. 0 
285.0 
167.0 
1. Tuff, very lie;ht gray to pa.le yel lo\rlsh g;reen, 
thin bedded to massive, fPV< interbedrled sandstone 
beds containing a few scat~ered pebbles • 
Alluvium 
• 
Total 
', 
Thickness 
(F'eet) 
